SUMMARY Four patients with cyanotic congenital heart disease who had previously undergone superior vena cava-right pulmonary artery (Glenn) 
THE CONCEPT OF ANASTOMOSING a large systemic vein to the right pulmonary artery to increase pulmonary blood flow in patients with cyanotic heart disease was proposed by Carlon et al.1 in 1951. In 1954, Glenn and Patifio2 described a modification of this anastomosis by suturing the superior vena cava (SVC) directly to the right pulmonary artery (RPA). Theoretical hemodynamic advantages of this method of palliation, compared with operations anastomosing a systemic artery to pulmonary artery (Blalock-Taussig, Potts shunt), were increased pulmonary blood flow accompanied by an absolute reduction in intracardiac right-to-left shunt and avoidance of excessive pulmonary blood flow.3 However, reports soon began to appear describing a high mortality among infants and frequent complications and early deterioration in children. 4"6 These complications included superior vena cava syndrome,5 hemothorax,5 chylothorax,4' 8 venous collateralization around the anastomotic site,6 8 pulmonary artery thrombosis,5' 6, 8 pulmonary infarction,9 and abnormal perfusion patterns. 10 11 This report describes yet another, not widely recognized, complication of the SVC-RPA anastomosis in four patients in whom abnormal pulmonary arteriovenous (AV) communications developed. The laboratory methods employed in documenting these abnormalities and their clinical significance are presented.
Report of Cases
Case 1 The patient was first evaluated at the Mayo Clinic when she was seven years of age. A heart murmur had been noted at birth, and cyanosis was apparent by six months of age. Cardiac This patient was first seen at the Mayo Clinic at 12 years of age. She had been cyanotic since shortly after birth, and catheterization performed at three months of age had revealed pulmonary atresia, ventricular septal defect (VSD), and a patent ductus arteriosus (PDA) supplying confluent right and left pulmonary arteries. A SVC-RPA anastomosis was done at that time to increase pulmonary blood flow. Improvement was noted for four years, after which time the cyanosis gradually worsened. A second catheterization was performed at five years of age and showed several small collaterals around the anastomotic site and diminished flow into the left lung secondary to narrowing of the patent ductus. By the age of 12, severe cyanosis was present and the patient had significant physical limitations. A third catheterization revealed the peripheral arterial saturation to be 74% and hemoglobin concentration 19.4 g/dl. Although the ductus arteriosus was stenotic at its insertion into the pulmonary artery, the left and main pulmonary arteries were near normal in size. Injection of contrast medium into the right superior vena cava demonstrated wide patency of the anastomosis. Preferential flow was into the right lower lobe, and angiomatoid malformation of the terminal arterial branches was present ( fig. 2 ). The pulmonary veins from this area were rapidly opacified, suggesting AV shunting. Surgical correction was performed by patch closure of the VSD, ligation of the PDA, and insertion of a Dacron conduit (Hancock Laboratories) from the right ventricle to the left pulmonary artery. The SVC-RPA anastomosis was left intact. Because of persistent cyanosis, another catheterization was performed three weeks after operation. The presence of intracardiac right-to-left shunting was excluded by standard indicator-dilution curves as well as by angiography. Cyanosis was attributed to the persistent right-to-left intrapulmonary shunt in the right lung. The patient is asymptomatic two years after reparative surgery but remains mildly cyanotic.
Case 3
The patient was known to have congenital heart disease immediately after birth, when cyanosis and a heart murmur were detected. He began having hypercyanotic spells at seven months of age while hospitalized for varicella. Left hemiparesis followed one of these hypoxic episodes. He vein angiogram revealed that the SVC-RPA anastomosis was widely patent. Although preferential flow into the right lower lobe was seen, the appearance of the peripheral arteries was normal ( fig. 3) 5 ).
Discussion
The reason for late shunt failure in patients with a SVC-RPA (Glenn) anastomosis has been the subject of several reports. 4 Samanek et al.10 described maldistribution of pulmonary blood flow within the shunted lung. With the use of radioisotopes, it was found that most of the blood entering the right lung perfused the lower lobe, and flow to the upper and middle lobes was markedly diminished. These findings were observed in the majority of the 15 patients an average of five years after establishment of the SVC-RPA anastomosis. The abnormal perfusion pattern was attributed to gravitational effects and nonpulsatile blood flow and was demonstrated to be altered by positional changes. Soon after, Boruchow et al."' noted these changes angiographically in eight patients but considered the diminished flow within the right upper lobes to be a result of hypoxemia and secondary pulmonary artery vasoconstriction.
In a recent review of 63 patients palliated by SVC-RPA anastomosis, Mathur and Glenn15 described five patients who had laboratory and angiographic findings similar to those described in this report. Although evidence of pulmonary AV shunting within the hyperperfused lower lobe was recognized, the authors expressed uncertainty regarding the clinical significance of this abnormal AV communication. In our patients, prominent angiographic alterations and significant desaturation of pulmonary venous blood, in the absence of other significant venous collateralization, indicated that intrapulmonary AV shunt as a late complication of the Glenn anastomosis can be a major factor in the clinical deterioration of these patients. The echocardiographic and oximetric evidence of intrapulmonary shunting without the prominent angiographic changes (case 3) suggests that significant shunting may occur before obvious angiographic abnormalities become apparent.
The use of indocyanine green dye injections combined with echocardiography provided a sensitive means for detecting intrapulmonary right-to-left shunt in these patients. Because the echo-producing quality of indocyanine green dye is normally completely lost with a single transit through the pulmonary capillary bed, appearance of contrast echoes in the left heart after RPA injection must indicate right-to-left intrapulmonary shunting. A peripheral venous or SVC injection may be less specific because large venous collaterals around the anastomotic site to the inferior vena cava could conceivably result in appearance of contrast echoes in the left heart if an intra-atrial right-to-left shunt was also present (that is, tricuspid atresia). None of our patients had any large venous collaterals.
The best way to manage this problem surgically is unknown. The intrapulmonary shunting will continue, and perhaps progress, as long as the anastomosis remains functioning. Reconstruction of the SVC-RPA anastomosis is possible, but the effect of restoring pulsatile blood flow to a lung with AV fistula is not known. Increased pulmonary arterial pressure conceivably could result in increased shunting. On atresia with VSD and tetralogy of Fallot). Diverting the pulmonary venous return into the right atrium in patients undergoing the Fontan procedure (tricuspid atresia) is less attractive because the right atrial pressure may be sufficiently elevated postoperatively to produce unilateral pulmonary edema. Other alternatives would be right lowerlobe lobectomy or take-down of the superior vena cava-right pulmonary anastomosis and reanastomosis of the superior vena cava to the right atrium with ligation of the right pulmonary artery.
Pulmonary AV shunting after the SVC-RPA anastomosis may be the major cause of late clinical deterioration in patients treated by this method. Since this acquired AV malformation destroys the gas-exchange capabilities in the right lung, we have been led to the conclusion that this procedure is presently the least attractive palliative shunt available for children with cyanotic congenital heart disease.
Addendum
Since acceptance of this manuscript, we have seen two additional patients with tricuspid atresia, ages 12 and 16 years, both of whom had undergone the Glenn anastomosis at the age of I year. As in case 3, after a selective angiogram, the right lower-lobe pulmonary arterial branches appeared normal with no evidence of AV malformation. However, presence of abnormal AV shunting in the right lower lobe was demonstrated by the technique of contrast echocardiography. After injection of indocyanine green dye in the superior vena cava and right pulmonary artery, a cloud of echoes appeared in the left atrium and left ventricle. These observations reinforce our impression that abnormal AV shunting may occur in patients with the Glenn anastomosis before obvious angiographic abnormalities are seen.
